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Abstract—This paper reports on the contribution of students 

to a research project. Its distinct characteristics are the relation 

between teaching and research, the early involvement of 

undergraduate students in research and the aim of raising 

students’ environmental awareness.  A group of students taking a 

compulsory course on Operations Management were asked to 

survey companies on the existence of synergic relations between 

lean manufacturing and environmental performance, which is 

the research topic of a Ph.D. candidate. The research began with 

the design of a structured questionnaire. The students 

interviewed operations managers in manufacturing companies. 

Since this subject is part of a blended learning program in 

engineering, many students already work in companies and 

interviewing their managers allowed them to gain a different 

view of the firm’s activities.  The results of the experience show 

the total involvement of the students. They learnt about lean 

manufacturing practices and about environmental issues. The 

study showed the relation between “lean” and “green” topics.  

Keywords—Inquiry-based learning; lean manufacturing; 

Teaching-research nexus; undergraduate research. 

I. INTRODUCTION 

In industrial countries, companies are forced to comply 
with regulations related to air and water emissions, and the 
handling and disposal of waste. Regulations shape the 
processes and products and besides, compliance with these 
requirements may cost millions of dollars.  Over that past 
years there has been a growing recognition that the 
relationship between manufacturing performance and 
environmental performance is complex. On one hand, resource 
conservation and waste prevention helps to reduce costs and 
liabilities. It is good for both the bottom line and the natural 
environment.  On the other hand, the field of manufacturing 
has experienced the introduction of advanced manufacturing 
strategies, such as lean management. Studies such as those in 
“the Machine that Changed the World” [1] evidenced a shift 
towards these new manufacturing strategies, focusing on 
reducing waste in the manufacturing process. Some 
researchers have suggested there is a positive correlation 
between environmental performance and profit, cost or quality 
[2]. In addition, several researchers have argued that those 
firms adopting higher performing advance manufacturing 
strategies, such as lean production, will also have superior 
environmental performance [3], [4], [5].  

A group of 30 students of Engineering taking a course on 
Operations Management at the School of Engineering of the 
Technical University of Catalonia at Manresa (EPSEM) were 
asked to survey Catalan companies to find out whether there is 
a synergic relation between lean manufacturing, a key concept 
of Operations Management, based on the elimination of waste, 
and being green (having superior environmental performance).  
While the course is based on the tools of lean manufacturing, 
students do not know much about environmental topics. The 
topic was chosen because the relation between “lean” and 
“green” was the research subject of a doctoral candidate of the 
school and because the school was implementing an 
environmental management system at that time, so it was 
necessary to raise everybody’s awareness on environmental 
issues.  With this experience, students get involved in research 
and gain knowledge from direct observation from industry. 
These students are in a blended learning program (which 
combines presence-based and virtual modes) which presents 
important advantages for implementing experiences, like the 
one described here, that require active learning. The 
pedagogical methods this experience is based on are 
constructivism (people learn by interaction) and inquiry-based 
learning (undergraduate students start doing research).  
Inquiry-based learning supports the   aims of the Bologna 
process [6] and national governments that claim the 
integration of research in curricula at the undergraduate level. 
In this paper we are interested in understanding the properties 
and value of this resource for engineering educators. The 
overall conclusion is that student involvement promotes 
positive attitudes and academic achievement.   

II. REVIEW OF LITERATURE 

A. Inquiry-based learning, the link between research 

and teaching 

A bibliometric study [7] reveals that 62.2% of the 45 main 
journals on Operations Management have never published a 
paper on research on teaching innovation in Operations 
Management (between 1995 and 2010). The remaining 17 
journals have only devoted a 0.4% of their content to   
teaching innovation. The evident conclusion is that there is a 
dearth of research if compared to other subjects such as 
marketing or accounting.  



However, innovation in teaching strategies is necessary to 
improve the learning process in order to ensure that students 
of engineering, at graduation time, will have the required skills 
for their professional career. In consequence it is necessary to 
conduct research in teaching and learning methods [8], 
especially because [7]: 

Many students seem less interested in Operations 
Management than in other subjects. [9]. 

 In the European context, the Bologna process asks for new 
teaching methods that focus on the learner, not on the lecturer, 
where students play an active role [10].  

As a response to the call above, in this paper, we analyze 
an experience of inquiry-based learning in a course of 
Operations Management aiming at identifying and 
disseminating a practice that effectively integrates teaching 
and research and allows students to extend their understanding 
of course contents and discover “new knowledge” following a 
natural learning [11]. Finally, we draw conclusions on the 
applicability of the method and its results. In the following 
lines we try to find support from our experience from two 
points of view: the academic one (previous research on the 
pedagogical issues of the method) and the political one (legal 
aspects that reinforce our experiment). 

While for many faculty members research and teaching are 
uncorrelated activities [12, 13], Colbeck [14] found faculty 
members that successfully integrated teaching and research: 
they engage in activities that accomplish research and teaching 
goals at the same time. This can be done in many ways. For 
example, [14] mentions the case of a professor who analyzed 
with his students the research papers he was reviewing for a 
journal. In this paper, we analyze a case of integration of 
research and teaching consisting in the experience of a group 
of undergraduate students doing research on the relations 
between a topic in the syllabus of the course and another topic 
not in the syllabus but very important in engineering.    

  The theoretical basis of this paper is   termed inquiry-
based learning.  “Inquiry” can be defined as seeking 
knowledge/information through questioning. Therefore, it 
entails some sort of research.   By Inquiry –based learning we 
refer to an instructional model that centers learning on an 
investigation conducted by undergraduate students that makes 
an original contribution to the discipline. 

 Inquiry-based learning is not just asking questions, but it 
is a way of converting data into useful knowledge (the way 
babies and children do to get to understand their world) which 
needs an understanding of how to make sense out of such 
information.  

The pedagogical method inquiry-based learning finds its 
guiding philosophical principle in constructivism, a widely 
used approach in teaching and learning, and particularly in the 
learning theories of Piaget (Theory of Cognitive 
Development) and Vygotsky (Sociocultural Theory). 
Constructivism explains how learners achieve or “construct” 
knowledge:  it is assumed that people are active learners and 
knowledge is built from the interaction with people and 
situations [15]. In consequence, learning is not an outcome but 
a process, and namely a continuous process of adaptation to 

the world and creation of knowledge, grounded in experience 
[16] 

To have full understanding of a topic, it is necessary to 
have meaningful knowledge of it. If knowledge is built upon 
experience [16], the theoretical training is not enough: 
experiencing and making sure that an idea is applicable to real 
life is essential [17].  

As [18] point out, if there is a link between research and 
teaching, it operates through that which they have in common: 
the act of learning. In consequence, the link can be exploited 
further in the design of courses that emphasize the 
collaboration between lecturers/researchers and undergraduate 
students.  The research project in our case is a good example 
of such collaboration.  

Going back to Kolb’s experiential learning theory [16], 
effective learning is achieved through a cycle of four stages: 
(1) concrete experience, (2) reflective observation of the 
experience; (3) abstract conceptualization (the analysis of the 
prior point leads to formation of abstract concepts and general 
conclusions); (4) active experimentation (the learner applies 
the knowledge to test hypothesis in future situations, resulting 
in new experiences). For example, a type of experiential 
technique which fulfils the previous stages, often used in 
business and operations management courses, is simulation 
[19]. To be effective, our inquiry-based learning case must 
reinforce Kolb’s cycle too.   

In fact, there are several different inquiry-based learning 
models. The simplest type, addressed to younger learners, 
consists in requesting the students to make questions about a 
given theme based on a text proposed by teachers. After 
reading the text, the students are asked to create questions that 
are shared among students [20]. Project-based learning (PBL), 
a learning approach widely used in engineering education, can 
be considered a type of inquiry –based learning which allows 
the students to learn via applying knowledge learned in class 
to solve well-design problems that represent real-world 
scenarios. [11] 

According to the  National Academy of Sciences (United 
States of America)  [cited in 21], when students learn through 
inquiry, they ask questions (to themselves);  investigate;  use 
evidence (data) to describe, explain, and predict;  connect 
evidence to knowledge; and share findings with their mates. 
The previous steps describe the natural process the learners 
follow when seeking answers and deeper understanding and 
they closely follow Kolb’s cycle and even the scientific 
method [21]. 

  Unluckily, traditional methods of teaching and assessing 
students are used to may discourage the process of inquiry: 
Students are expected to listen and repeat the expected 
answers. However, in our university, even students claim that, 
since their lecturers are leaders in their research fields, it 
would be very interesting for students to “taste” what the 
lecturers are working on (maybe at a less difficult level). They 
think that that would motivate both the students and the 
researchers. In literature, we find that obviously not all 
students are of the same opinion:  some think that the “old 
way” is easier for them, at least in the short run. In 



consequence, the implementation of new techniques requires 
clear explanation in order to drive out fear and motivate 
students.  In our case, students were motivated. 

Inquiry-based research requires a change in the students’ 
mentality but, in order to promote student involvement in 
research,  it is necessary to  make changes in teaching in a  
way that teaching and research are related [22, 23] including 
detailed planning of student participation and formal 
assessment of students' research activities.  It conveys a 
change in the role of the professors: They move from being 
lecturers to tutors that establish the tasks and support or 
facilitate the process, but the students pursue their own lines of 
enquiry, draw on their existing knowledge and identify the 
consequent learning needs [24].   In our case, lecturers were 
interested in new teaching and learning approaches and they 
were willing to try this experience.  

Any lecturer may create such learning opportunities, but 
especially a person who is still an active researcher because 
he/she can show the students the real methods that are used in 
research and which are the current issues research focuses on. 
In consequence, the process contributes to develop students’ 
understanding of the role of research in their discipline, 
develop students’ abilities to do research, and progressively 
develop students’ understanding [25]. Undergraduate students 
can grasp knowledge and even help to create knowledge.  
Eventually, inquiry-based learning is about involving the 
learners and leading them to understand.  

In [26]) four ways of engaging undergraduates with 
research and inquiry are identified: (i) research-led: learning 
about current research in the discipline; (ii) research-oriented: 
developing research skills and techniques; (iii) research-based: 
undertaking research and inquiry; (iv) research-tutored: 
engaging in research discussions. This model has two axes: 
one classifies the ways students may be engaged in research 
and inquiry, while the other axis classifies the research 
approach as content-focused or process-focused). Our 
experience corresponds to the third type. 

Reference [18] states that undergraduate research and 
inquiry can be based on ‘commonly known’ topics (but new to 
the students), ‘commonly unknown’ topics (new to the 
students and many lecturers, except those doing research on 
that particular topic) or even on ‘totally unknown’ topics (new 
to the students and lecturers). In our case, the research on lean 
manufacturing can be considered as “commonly known” but 
the link between lean manufacturing and environmental 
performance, although it is not new, is rather unknown.  

Linking teaching and research is not a new question. In 
1810, Von Humboldt said that universities should find new 
models that were able to develop students’ skills of inquiry 
and research [cited in 26]. In present times, there is a growing 
consensus around the need for undergraduate research and 
inquiry, grounded in the argument that when students graduate 
they have to be well prepared for today’s society with skills 
that are developed particularly well through research and 
inquiry-based learning opportunities [27].  

Healey and Jenkins [26] contend that universities should 
support research (and enquiry) based learning. They argue that 

all undergraduates should experience learning through, and 
about, research like academic researchers do. The method has 
proved its effectiveness in encouraging engineering students 
begin a Ph.D. program [28, 29]. 

However, the problem has not been well solved. Brew [30] 
examines existing models and different ways of understanding 
undergraduate research to argue that there is a need for a 
coherent framework for student research. 

In the Europe Union, each country has its own national 
higher education system,  that is being reshaped by the 
Bologna process (harmonization of the bachelors and masters 
level education across countries) to create the  European 
Higher Education Area (EHEA). The success of European 
countries depended upon natural resources and labor in the 
past, but the future depends on intellectual capital (value-
added research and innovation) 

  As an example, attention has been given in the UK on 
how Research-Teaching Linkages can be  achieved [31]  and 
used to enhance graduate attributes or higher order skills such 
as critical thinking, analysis and problem solving, and 
especially  those related to employability such as 
understanding, skilful practices, efficacy beliefs and 
metacognition [32].   

Literature reports that the expected benefits of 
undergraduate research include [33] increased confidence, 
cognitive and technical skill development, problem-solving 
and critical thinking development, clarification of future 
career or educational opportunities, an understanding of how 
knowledge is created, and increased understanding of 
disciplinary ways of thinking and practicing.  Students learn to 
be critical thinkers and not to be passive consumers of 
information but creative contributors. These attitudes are 
important for the future students’ professions [34]. On the 
basis of previous research and our own experience, we 
contend that this model brings significant benefits to 
individual student learners, universities and in consequence to 
society.   

B. Blended learning 

Blended Learning has gained considerable interest in 
recent years as an environment for supporting learning and 
teaching. Blended learning is the combination of distant 
learning and face to face instruction. This definition indicates 
that the blended learning is an opportunity to use synchronous 
and asynchronous tools including online resources (e-learning) 
to support traditional teaching methods. There are only 20 
hours for class meetings so the students have to work by 
themselves in most of the time. The best way to achieve the 
course requirements is to use the constructivist approach and 
let the students work with and build the required knowledge 
and skills gradually [35]. Reference [36]  states that 
Engineering students focus too much on Math, while current 
society wants them to be able to work in group and solve 
problems in a creative way, which are generic interdisciplinary 
skills. Authors suggest that blending learning provides an 
environment to support students’ thinking powers through 
creative problem solving. In this paper, the problem that 



students have to solve is the relation between lean and green. 
It requires active learning: students have to visit companies 
and interview their managers and that takes time. Therefore it 
might not be a good activity for courses where students spend 
all day in the classroom, but it is perfect for a course where 
students only spend two evenings at university and study at 
home. 

C. Lean manufacturing 

For the purpose of this study we can define lean 
manufacturing as a set of synergistic work practices that focus 
on the systematic reduction of waste and non-value added 
activities from a firm’s manufacturing operations [37]. A list 
of tools and techniques of lean manufacturing  includes total 
quality management, production adjusted to demand, one-
piece flow,  total preventative maintenance,  pull flow, quick 
changeovers, controlled processes, involved cross-trained 
employees and continuous improvement [38], [39]. Although 
lean manufacturing emerges from the Toyota Production 
System [40], also known as just-in-time, today  the 
fundamentals of lean thinking are successfully applied in 
hospitals, building, retail, and other services that aim at being 
efficient (i.e. avoid wasting resources such as labor, raw 
materials, energy, floor space...). 

D. Universities and the environment 

Since the Industrial Revolution, the impact of mankind on 
Earth has increased dramatically.  The search for natural 
resources and the industrialization have damaged the 
environment.  Today's society is becoming aware of problems 
like water scarcity, global warming and climate change and 
such environmental problems are so serious that companies 
must take them into account their impact on the environment 
in their ordinary  activities [41], [42]. Companies have to meet 
the expectations of their stakeholders and currently, these 
expectations include environmental issues.  

Besides manufacturing companies, the ideas above are 
valid for any type of organization, including universities. 
Furthermore, universities have the special characteristic that 
their activity can have positive impacts on the environment, 
such as the consequences that training can have on the state of 
awareness and responsibility towards the environment of 
future professionals and the possible generation of knowledge 
oriented to the reduction of impacts on the environment [43]. 
Universities around the world have undertaken practices such 
as recycling and reducing consumption of energy and water, 
[44].   

Reference [45] explains the pedagogical effects of   
"greening" a university because universities teach and 
demonstrate the methods and consequences of environmental 
management to their students, while raising environmental 
awareness. The World Summit on Sustainable Development in 
Johannesburg in 2002 formally recognized education as a key 
mechanism for promoting environmental protection and 
conservation and stressed that education should help society to 
achieve higher levels of sustainability [46].  

  Educational programs instill environmental awareness by 
different means [47]: the Technical University of Catalonia 
(UPC) approved its first environmental plan in 1996. The plan 
included the introduction of environmental topics in all the 
subjects and the promotion of research on environmental 
issues [48]. In 2004, the University decided to implement an 
environmental management system, according to the European 
Eco-Management and Audit Scheme (EMAS), in two of its 
campuses, being one of them the School of Engineering at 
Manresa (EPSEM). The reason may be that the school has 
always shown great interest in environmental topics in its 
research. The excellence doctoral program in natural resources 
and the environment is a proof of this interest.  

III. METHODOLOGY 

This experience is based on the combination of four items: 

 (i) There is a doctoral candidate at the EPSEM who needs 
to do some field work in order to collect data for her 
dissertation about the relations between “lean” and “green”. 
This research task usually takes a lot of time. Furthermore, in 
Spain, academic surveys do not reach a high level of 
participation (real figures are between ten and twenty percent).  

(ii) EPSEM offers every year an advanced course on 
operations management that focuses on lean manufacturing as 
part of a blended learning program in engineering. It is 
interesting for the students to see in place the tools and 
techniques of lean manufacturing and learning the pros and 
cons of this philosophy.  

(iii)  The School is committed to positively protecting the 
environment and therefore all subjects must include 
environmental topics. This should help increase engagement 
of students with the environment and sustainability [49] and 
better prepare them for technically fulfilling the legal and 
social requirements related to environmental performance 
[50].  

(iv) In order to improve academic excellence and improve 
the research activity of the country, the Bologna process 
encourages student early involvement in research. 

 We thought that if students might participate in research 
design, execution, analysis and writing, it would be an 
effective means of providing students with practical research 
experience while overcoming the difficulty of engaging the 
interest of students in a subject which may not be appealing 
[51].  

The aim of the research project was to respond to four 
hypotheses: 

 Hypothesis 1: Industrial Catalan companies are 
unaware of the philosophy, techniques and practices of 
lean manufacturing even though some characteristics 
of the processes and the features of the products 
support some of the principles of lean manufacturing.  

 Hypothesis 2: Companies apply the concept of value in 
the development of processes, although they are 
unaware of the term.  



 Hypothesis 3: The adoption of standard processes, 
environmental practices and traceability helps reduce 
the complexity in product and process variation.  

 Hypothesis 4: In Catalan companies, people are a key 
resource and they are involved in process 
improvement.  

Research started with learning about lean manufacturing (it 
is the content of the course) and the environment (in an 
attempt to “green” the subject). The second step was the 
design of a questionnaire. This step is the key to collect 
primary data. The final version of the questionnaire included 
32 questions that refer to operations analysis in lean 
companies and environmental management. Some of the 
questions can be quickly answered by means of a four-point 
Likert scale, while others are open questions. The third step 
was to conduct the survey through structured personal 
interviews. Each student visited a company and therefore the 
sample consists of 30 valid questionnaires because that was 
the number of students enrolled in the course.  The final step 
of the process was the statistical analysis of the data. A 
campus licensed version of Minitab v.15 was used for that 
purpose. 

IV. RESULTS AND DISCUSSION 

In this study, students observed that many companies did 
not know much about the techniques and tools of lean 
manufacturing. Only in larger companies some techniques and 
practices were detected. However, broadly speaking, 
companies were aware that certain tasks or activities just add 
cost to the product and therefore their reduction is necessary. 

Lean philosophy offers a systematic way of eliminating 
waste (operations that do not add value to the product). Value 
is what the customer is willing to pay for so waste can be 
explained as anything that adds cost to the product and the 
customer is unwilling to pay. Therefore lean manufacturing 
can bring a reduction in the total cost of the product. Ohno 
[52] identifies seven types of waste (Fig. 1): 

 Overproduction (Energy, material and labor devoted to 
manufacturing products that no-one will buy and may 
end in the landfill).  

 Excess inventory (as in the previous case, resources 
devoted to materials that are not necessary and may 
end in the landfill). 

 Waiting time (Time and energy lost waiting). 

 Unnecessary transportation (Time and energy lost. It 
may damage the product). 

 Over-processing (unnecessary operations that waste 
material, energy and labor). 

 Motion (unnecessary operations that represent a waste 
of labor and can be unhealthy for the operator).  

  Defects or lack of quality (Energy, material and labor 
devoted to manufacturing products that cannot be sold 
and may end in the landfill or require extra resources to 
be repaired). 

 

Fig. 1. Different types of waste in the companies in the sample 

Students identified how often the companies faced the 
different types of waste: 

 Overproduction. 46.7 % of the companies stated that 
they occasionally suffer from overproduction and 10%   
sometimes. 43.3 % of the surveyed companies stated 
that this situation did never happen. No-one answered 
that this was a frequent problem. 

 Excess raw-material inventory. 33.3% of the 
companies stated that they occasionally experience 
excess inventory and 10%   sometimes. 53% of the 
companies stated that this situation did never happen. 
3% answered that this was a frequent problem.  

  Wait time appears occasionally in 40% of the cases 
and often in 23.3 %.  33.3 % answered that they never 
experienced this situation and 3.3 % reported frequent 
wait time. 

 Long Transport: 26.7% of the surveyed companies 
considered that they never faced such situation. 60% 
did so occasionally and 13.3 % sometimes.  

  Inadequate processing and motion occasionally 
appears in 43.3 % of cases, often in 33.3 % and never 
in 20%.  3.3% answered that this was a frequent 
problem. 

 Lack of product quality: 26.7 % of companies never 
reached this situation, 56.7 % did so occasionally and 
16.7 % often, although 20% of the companies 
occasionally experience uncontrollable defects and 
6.7% sometimes.  

These answers supported the first hypothesis.  

The theoretical concept of value analysis, in general, was 
unclear among companies, but they used its logic to avoid the 
appearance of different forms of waste. Although a high 
percentage of companies do not know about it, they thought 
that implementing it would be a good idea. Through open 
comments, the students detected how companies avoided the 



operations or processes that did not add value to the product. 
These answers supported the second hypothesis.  

Since proper environmental management is essential in 
lean production (to avoid waste), the survey asked companies 
whether they had a written environmental policy (Fig. 2) and 
whether they had an environmental officer (Fig. 3).  On one 
hand, 56.7% companies had a written environmental policy 
and 16.7% were implementing it (usually in the form of an 
environmental management system according to ISO 14001 
standard). On the other hand, 53% of companies in the sample 
had an environmental officer. In 40% of the cases, the 
environmental manager was also the occupational safety and 
health officer.  

A 90% of the surveyed companies confirmed they 
managed the environmental issues and nearly 100% had a 
traceability system in place.  Since environmental 
management standards and traceability requirements help 
reduce the complexity of products and processes, we have 
evidences that support the third hypothesis.   

 

 

Fig. 2. Existence of an environmental policy in the surveyed companies 

 

 

Fig. 3. Existence of an environmental officer in the surveyed companies 

 

The importance of people in the company was measured 
through the way workers are involved in continuous 
improvement. Many companies claimed that worker 
empowerment was not possible because workers were not 
adequately trained and turnover figures were too high. These 
answers do not support the fourth hypothesis.  

 However, a 53.3% admitted that workers took part in 
continuous improvement activities. When questioned about 
how the company managed workers' suggestions (Fig. 4),  
20% of the companies stated that employees should 
communicate with  the line supervisor (20%). 23.3% stated  
that the employees should report to the manager. 26.7% has 
continuous   improvement teams and 30% had written 
procedures on non-conformities that employees should follow.  

V. CONCLUSIONS 

The Technical University of Catalonia-BarcelonaTech is 
concerned about environmental issues and therefore tries to 
green their campuses. The School of Engineering at Manresa 
is especially interested on preserving the environment and 
involving everyone in that task. On one hand, that means, 
amongst other requisites,  that topics about the environment, 
pollution, and so on, should be studied within as many 
subjects as possible, in order to increase students’ 
environmental awareness. Besides, there should be research on 
environmental issues. These aspects have been included in an 
environmental management system in order to monitor their 
achievement.  On the other hand, students should be early 
involved in research.   

For the reasons above, a group of 30 students taking a 
course on Operations Management were asked to survey 
Catalan companies on the existence of synergic relations 
between lean manufacturing and environmental performance. 

Although the sample was limited, the study showed the 
relation between “lean” and “green”. 

After completing the assignment, the research process was 
assessed.  All the students took part in this experience, even 
though the assignment was not compulsory and they knew that 
they would not get extra marks for this activity.  

 

 

Fig. 4. Management of worker’s suggestions or improvement ideas in the 
companies in the sample   



They admitted that they had learnt more about lean 
manufacturing practices and about environmental management 
than they would have learnt in the classroom. They stated that 
they knew a little bit more about research because they only 
knew the teaching face of university. They enjoyed the 
experience of talking to managers in companies.  

The perceptions of the students were collected on a 
questionnaire. Responses showed the total involvement of the 
students, their favorable attitudes and their academic 
achievement. Students admitted that they had had the chance 
to compare in-class theory with real world practice. They had 
seen how companies implement, use and benefit from the 
tools they learn in the classroom.  They also collected negative 
opinions on certain issues so they could compare different 
views, and had the chance to reflect on them (so they learned 
following Kolb’s cycle).   As stated by Neumann [53], 
inquiry-based learning increased the course’ credibility and 
the perception that students were learning relevant and current 
course content. 

In consequence, this paper makes a contribution to 
engineering education by providing a tool that can be used to 
promote student true learning, beyond memorization, and 
increase student motivation as it has been empirically 
confirmed.  It does not offer new theories but it contributes to 
the establishment and deeper understanding of existing ones.     
It is recommended that inquiry-based instruction be utilized in 
the classroom, as often as is practical.  
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